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Abstract—This study examined the effect of a 1 h, self-paced 
handcycling time trial on blood leukocytes, mucosal immunity, 
and markers of stress in paraplegic athletes. Nine male paraple-
gic athletes (spinal injury level thoracic 4–lumbar 2) performed 
1 h of handcycling exercise on a standard 400 m athletics track. 
Heart rate (HR) was measured continuously during exercise, and 
a retrospective rating of perceived exertion (RPE) was obtained 
immediately after. Venous blood and saliva samples were col-
lected immediately before exercise (Pre-Ex), after exercise 
(End-Ex), and 1 h postexercise (1-h Post). The athletes com-
pleted mean +/– standard error of mean 22.4 +/– 1.1 km cycling 
at HR 165 +/– 2 beats/min, RPE 15 +/– 1, and blood lactate 
7.9 +/– 2.5 mmol/L. Total leukocytes increased 72% and neutro-
phils increased 74% End-Ex; both remained elevated at 1-h Post 
(both p < 0.05). Lymphocytes increased 53% and natural killer 
cells increased 175% End-Ex (both p < 0.05), but returned to 
near baseline levels 1-h Post. Increases (p < 0.05) were observed 
End-Ex in alpha-amylase activity (p < 0.05), which returned to 
baseline at 1-h Post, but there was no significant change in saliva 
flow rate, salivary immunoglobulin A, or cortisol. These data 
confirm that 1 h of handcycling exercise elevated circulating leu-
kocytes but had a minimal effect on mucosal immunity. These 
changes appear to be associated with alpha-amylase rather than 
cortisol.
Key words: exercise, handcycling, immunoendocrine response, 
leukocytes, natural killer cells, neutrophils, salivary immuno-
globulin A, spinal cord injury, stress, time trial.
INTRODUCTION
The relationship between exercise and immune func-
tion in nondisabled individuals appears to be determined 
by exercise intensity and duration [1]. Prolonged, strenu-
ous exercise can result in a temporary decrease in certain 
aspects of immune function lasting 2 to 24 hours, where 
changes in leukocyte numbers and functional capacities 
are observed, and may lead to an increase in infection 
risk. In contrast, regular moderate exercise has been asso-
ciated with a reduced risk of infection compared with a 
sedentary lifestyle [2]. The effects of exercise on the 
immune system are largely influenced by the central ner-
vous system and resultant changes in stress hormones, 
including cortisol and adrenaline, and alterations in the 
pro/anti-inflammatory cytokine balance [3].
Abbreviations: 1-h Post = 1 hour postexercise, End-Ex = after 
exercise, HR = heart rate, IgA = immunoglobulin A, IL = inter-
leukin, NK = natural killer, Pre-Ex = before exercise, RPE = 
rating of perceived exertion, SCI = spinal cord injury, SEM = 
standard error of mean, s-IgA = salivary IgA, SNS = sympa-
thetic nervous system.
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It is widely recognized that individuals with a spinal 
cord injury (SCI) experience recurrent infections, specifi-
cally of the respiratory system, urinary tract, and skin [4–
5], and some evidence suggests that this susceptibility to 
infection is partly associated with immune dysfunction 
[6–9]. Alterations in natural killer (NK) cell number and 
cytotoxicity, T cell function and activation, macrophage 
phagocytosis, levels of interleukin (IL)-2 and -6, the solu-
ble IL-2R receptor, and intracellular adhesion molecules 
have been reported [4]. Decentralization of the autonomic 
nervous system has been speculated as a likely cause of 
this compromised status, the extent of which is dependent 
on the neurological level and completeness of the injury 
[10], although the level of physical activity, diet [11], 
medication, and chronic stress/depression are also likely 
to play a role.
The pursuit of recreational activity and/or competitive 
sport by individuals with SCI is extremely important and 
can have a profound, positive influence on an individual’s 
quality of life [12]. In this context, handcycling has 
emerged as an extremely efficient mode of ambulation that 
can be employed on a daily basis [13] and holds important 
applications in the field of clinical rehabilitation [14]. It is 
clear that the metabolic demand associated with moderate 
intensity handcycling facilitates sufficient energy expendi-
ture to offer some protection against the onset of chronic 
and progressive conditions such as cardiovascular disease 
[15]. However, relatively little is known about the immu-
noendocrine responses of individuals with SCI during 
moderate intensity endurance activity. Given the immune 
dysfunction and increase in infection incidence typically 
reported in this population, understanding the effects of 
exercise upon immune function is of considerable impor-
tance. Furthermore, upper-body exercise has generally 
been reported to elicit a higher stress hormone response 
than lower-body exercise at the same relative intensity 
[16], which may also affect the immune response associ-
ated with prolonged physical exertion. Previously, studies 
have reported increases in circulating NK cell number and 
cytotoxicity (part of innate immunity) in sedentary SCI 
individuals following electrically stimulated cycling [17] 
and 20 min of orthotic gait exercise [18]. More strenuous 
and prolonged upper-body exercise (>60 min) has been 
shown to significantly decrease the number of NK cells 
and their cytotoxicity postexercise [19], but this compro-
mised response did not occur in nondisabled athletes [20]. 
It was proposed that these differences were likely mediated 
by changes in cortisol [19] and prostaglandin E2 in the SCI 
group [20].
Research associated with the effects of exercise on the 
immune system in SCI individuals has largely focused on 
the NK cell response [17–20]. Mucosal immunity, of 
which immunoglobulin A (IgA) is the predominant anti-
body, is considered the first line of defense against invad-
ing pathogens entering the respiratory tract; previous
research has shown a link between this antibody and 
upper respiratory tract illness [21–22]. Furthermore, acute 
strenuous exercise has been shown to decrease salivary 
IgA (s-IgA), which might lead to a greater risk of infec-
tion [23], whereas some evidence suggests that moderate 
or short duration exercise may increase s-IgA, leading to a 
reduced risk of infection [24]. In one recent study, s-IgA 
secretion rate was shown to increase following 60 min of 
treadmill exercise in elite wheelchair athletes, and a
greater increase was observed in people with tetraplegia 
than in people with paraplegia or in individuals without 
SCI [25].
As stated above, changes in immune function with 
exercise have been attributed to alterations in stress hor-
mone responses. While salivary cortisol has been accepted 
as a reliable and valid marker of levels circulating in blood, 
catecholamines measured in saliva are less stable and do 
not provide a valid reflection of plasma concentrations [26]. 
Therefore, -amylase is used as a preferred salivary surro-
gate marker of sympathetic nervous system (SNS) activity, 
since its activity has been shown to correlate with noradren-
aline concentrations [27]. Given the paucity of data related 
to immunoendocrine responses to exercise in SCI and in 
particular to handcycling, the aim of this study was to 
examine and quantify the acute effect of a 1 h, self-paced 
handcycling time trial on mucosal immunity, the concen-
tration of circulating leukocytes, and stress hormone 
responses.
METHODS
Participants
Nine physically active male athletes with SCI volun-
teered to complete a 1 h, self-paced handcycling time 
trial. The average age, stature, and mass of the partici-
pants was mean ± standard error of mean (SEM) 44 ± 
2 yr, 1.77 ± 0.10 m, and 78.6 ± 2.3 kg, respectively. All 
nine participants were members of the U.K. Handcycling 
Association and frequently engaged in the sport. All 
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participants had sustained a traumatic SCI (range from 
thoracic 4 to lumbar 2), and all but one were classified as 
H2 division handcyclists; the other rider was classified as 
H4. The characteristics related to their injury, handcy-
cling classification, and physical activity levels are pre-
sented in Table 1.
Exercise Task
The study took place on a 400 m athletics track at 
Stoke Mandeville Stadium on a warm (25°C) and dry 
(49% humidity) day at the end of May. Following an ini-
tial 10 min, self-prescribed warm-up, participants com-
pleted a 1 h, self-paced time trial using a counter-flow 
pattern. Participants cycled in the conventional (counter-
clockwise) direction using the three inside lanes of the 
track and cycled in the opposite (clockwise) direction 
using the three outside lanes. To facilitate changes in 
direction, a 6 m turning circle was arranged in the 100 m 
starting area of the track, and all participants were 
required to cycle in a clockwise direction when using the 
turning circle. During the time trial, participants were 
instructed to complete as much distance as possible, and 
participants started their 1 h time trial at 3 min intervals. 
The purpose of using a counterflow pattern was to equili-
brate the extent of the lateral (centripetal) forces experi-
enced by the participants, especially in the neck when the 
athletes negotiated the tight corners of the track at speed. 
The participants were instructed to use the turning circle 
after every 10 laps to change direction and then completed 
the next 10 laps in the opposite direction. This pattern 
continued until each participant had completed the 1 h 
time trial. To track variations in average speed, we 
recorded split times for each participant at the end of each 
set of 10 laps.
Collection of Saliva Samples
Samples of saliva were collected after the warm-up 
before exercise (Pre-Ex), upon immediate completion of 
the time trial after exercise (End-Ex), and after 1 h of pas-
sive recovery postexercise (1-h Post). The collection was 
made with the participants seated/kneeling in their respec-
tive handbikes, leaning forward, and tilting their heads 
down. After sitting quietly for a few minutes, they were 
instructed to swallow to empty the mouth before an unstim-
ulated whole saliva sample was collected for 3 min into a 
preweighed vial. Care was taken to allow saliva to dribble 
into the collecting tubes with minimal orofacial movement. 
Samples were immediately stored on ice and subsequently 
taken to the laboratory for storage within 4 h of collection. 
Before storage, the saliva samples were weighed to the 
nearest 10 mg, after which the saliva was centrifuged at 
1,500g for 15 min, and the remaining supernatant was 
removed and stored at 80°C until subsequent analysis.
Collection of Blood Samples
Serial samples of venous blood (10 mL) were col-
lected Pre-Ex, End-Ex, and 1-h Post from a superficial 
vein in the antecubital fossa using sterile, repetitive vene-
puncture. Blood was dispensed into two Vacutainers (Bec-
ton Dickson; Oxford, United Kingdom), one containing 
K3EDTA and another containing heparin. Samples were 
immediately stored on ice until analysis was performed 
within 4 h of collection.
Distance Covered, Heart Rate, and Rating of
Perceived Exertion
In conjunction with the dimensions of the standard 
400 m track, we estimated that each participant covered 
412 m and 440 m during each lap completed in a counter-
clockwise and clockwise direction, respectively. An addi-
tional 20 m was added to the participants’ distances each 
time they used the turning circle to achieve a change direc-
tion. Subsequently, cumulative distances for all partici-
pants were calculated based on the number of laps 
completed. Prior to the time trial, all participants were fit-
ted with a recordable heart rate (HR) monitor (Polar 
RS4000; Kemple, Finland), and HR was recorded at 5 s 
intervals throughout exercise. Finally, having completed 
the time trial, participants were asked to provide a 
Table 1.
Individual participant characteristics related to injury, handcycling 
classification, and training frequency.
No.
Time 
Injured 
(yr)
Injury
Level
Handcycling 
Classification
Training 
(times/wk)
1 26 T4 H2 5
2 15 T4/T5 H2 5
3 3 T12* H2 2
4 8 T6 H2 2
5 36 T10/T11 H2 3
6 29 T4*/L1*/L2* H2 3
7 19 T12* H4 4
8 3 T10 H2 3
9 3 T12* H2 2
*Denotes incomplete lesion.
L = lumbar, T = thoracic.
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retrospective rating of perceived exertion (RPE) using the 
6–20 Borg scale. The participants were informed that this 
subjective rating should typically represent the average 
effort they experienced during the entire 1 h time trial.
Saliva Analysis
Saliva volume was estimated by weighing each collec-
tion vial to the nearest milligram, and the saliva density was 
assumed to be 1.0 g·mL1. Saliva flow rate (milliliters per 
minute) was determined by dividing the volume of saliva 
by the collection time. After thawing, s-IgA, cortisol, and -amylase activity were determined using commercially
available enzyme linked immunosorbent assay kits (Sali-
metrics; Newmarket, United Kingdom). Salivary osmolal-
ity was analyzed using a cryoscopic (freezing-point 
depression) osmometer (calibrated with deionized water 
and 300 mOsmol/kg NaCl solution). The secretion rate of 
s-IgA (micrograms per minute) was calculated by multi-
plying the s-IgA concentration by the saliva flow rate.
Blood Analysis
Heparinized blood was used to measure blood lactate 
concentration End-Ex using a fully automated system (Bio-
sen 5030, EKF Industrie-Elektronik GmbH; Barleben, Ger-
many). The K3EDTA blood was used for hematological 
analysis, including hemoglobin and total and differential
leukocyte counts using a cell counter (60+ Pentra, Horiba; 
Kyoto, Japan) and hematocrit by centrifugation. NK cell 
concentration was determined according to cell surface 
molecules using monoclonal antibodies directed against 
key NK cell markers: CD16 and CD56. The lymphocyte 
population was indentified using anti-CD45 monoclonal 
antibody conjugated to Cy5 and integrated to establish the 
NK cell population using dual staining with anti-CD56 
and CD16 monoclonal antibody conjugated to phycoery-
thrin (Beckman Coulter; Paris, France). After an initial 
10 min incubation in the dark, cells were lysed using Ver-
saLyse (Beckman Coulter) and then vortexed. Following 
a further 10 min period of incubation in the dark, labeled 
cells were analyzed by flow cytometry using an Epics 
XL.MCL (Beckman Coulter). CD16/CD56 positive 
events were counted in the lymphocyte population (based 
on CD45 positivity and side scatter morphology). Abso-
lute counts were generated using flow-count beads 
(Beckman Coulter).
Statistical Analyses
All data were processed using Microsoft Excel 
(Microsoft Corporation; Redmond, Washington), and all 
statistical analyses were conducted using SPSS (IBM; 
Armonk, New York). Mean (±SEM) values were calculated 
for all variables. Interclass Pearson product moment corre-
lation coefficients were calculated between the individual 
time trial distances completed and the respective concentra-
tion of all immunoendocrine parameters measured Pre-Ex, 
End-Ex, and 1-h Post to determine if a relationship existed 
between the performance capacity and immunoendocrine 
status of the participants. Changes in the concentrations of 
the immunoendocrine parameters across time were ana-
lyzed using separate, repeated measures one-way analysis 
of variance tests with Holm-Bonferroni corrections applied 
where appropriate. Significance was accepted at the 95 per-
cent level of confidence (p  0.05), and where a significant 
main effect was observed multiple post hoc, (Bonferroni) 
pairwise comparisons were made to specifically identify 
where differences existed.
RESULTS
Distance Covered, Heart Rate, Blood Lactate Concen-
tration, and Rating of Perceived Exertion
The respective experience and training status of the 
participants varied considerably. During the 1 h time trial, 
participants completed an average distance of 22.4 ± 
1.1 km (range: 17.9–27.2 km). On average, the partici-
pants’ HR was 165 ± 2 beats/min, End-Ex blood lactate 
was 7.9 ± 2.5 mmol/L, and time trial RPE was 15 [1].
Table 2.
Individual values of time trial indices.
No. Distance (km)
Average HR 
(beats/min)
Peak HR 
(beats/min)
B[La]end 
(mmol/L)
TT RPE
(6–20 Borg)
1 27.2 165 170 12.5 13
2 26.0 176 179 10.0 15
3 20.7 176 181 8.4 13
4 17.9 158 161 5.8 17
5 21.6 160 168 7.4 15
6 24.2 168 173 3.9 16
7 24.7 158 166 7.6 15
8 19.5 158 172 6.2 13
9 20.3 166 172 8.9 19
Mean ± SEM 22.4 ± 1 165 ± 2 171 ± 2 7.9 ± 2.5 15 ± 1
B[La]end = blood lactate concentration, HR = heart rate, RPE = rating of per-
ceived exertion, SEM = standard error of mean, TT = time trial.
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Table 2 summarizes the individual distance covered, heart 
rate, blood lactate concentration, and RPE values for the 
time trial.
Salivary Measures
Alpha-amylase activity and salivary osmolality
increased significantly (p < 0.05) from Pre-Ex to End-Ex, 
but no changes (p > 0.05) were observed in saliva flow 
rate, s-IgA concentration and secretion rate, osmolality, 
or cortisol following exercise (Table 3).
Blood Measures
Total leukocyte count increased End-Ex and remained 
elevated at 1-h Post (p < 0.05), and a similar pattern 
existed for neutrophils (p < 0.05). Compared with resting 
values, the concentration of lymphocytes increased during 
exercise (p < 0.05) but had generally returned to near 
baseline levels at 1-h Post. NK cells increased (p < 0.05) 
at End-Ex, but had also returned close to baseline values 
at 1-h Post (Table 4). Strong (p < 0.01) positive correla-
tion coefficients were observed between time trial dis-
tance and white blood cell count (r = 0.79) and neutrophil 
count (r = 0.78), though no other correlation coefficients 
of the data approached significance.
DISCUSSION
The completion of a 1 h, self-paced handcycling time 
trial acutely increased the circulating concentration of 
leukocytes but did not influence mucosal immunity. 
Alpha-amylase activity increased End-Ex, but cortisol 
remained unchanged. There are limited data regarding 
the effect of exercise in athletes with SCI in the context 
of both cell-mediated and mucosal immune responses. 
This is relevant because immune dysfunction has been 
reported in individuals with SCI and SCI is associated 
with an increased incidence of respiratory and urinary 
tract infections [4–5].
Saliva flow and composition are under strong auto-
nomic control and can be modified significantly during 
exercise where SNS activity is enhanced. Indeed, signifi-
cant changes in s-IgA in nondisabled athletes have been 
previously observed following prolonged exercise (>90 
min) [28–29] or high intensity exercise [30–33], most likely 
via alterations in the trancytosis of s-IgA across the epithe-
lial lining [34] or through the production of s-IgA by the B-
lymphocytes that reside in the submucosa [35]. However, 
Table 3.
Mean ± standard error of mean values of salivary parameters in response to handcycling.
Parameter Pre-Ex End-Ex 1-h Post p-Value
Saliva flow rate (mL/min) 1.4 ± 0.2 1.6 ± 0.3 1.7 ± 0.3 >0.05
Salivary osmolality (mOsmol/kg) 77 ± 7 111 ± 12* 73 ± 5 <0.05
[s-IgA] (mg/L) 127.8 ± 10 212.9 ± 78.8 134.6 ± 20.6 >0.05
s-IgA: Osmolality 1.7 ± 0.1 1.9 ± 0.7 1.8 ± 0.3 >0.05
s-IgA secretion rate (g/min) 103 ± 13 153 ± 54 92 ± 28 >0.05
[Cortisol] (nmol/L) 4.9 ± 0.5 9.5 ± 3.2 3.6 ± 0.8 >0.05-amylase activity (U/min) 158 ± 47 281 ± 72* 119 ± 25 <0.05
*Significantly higher than Pre-Ex (p < 0.05).
1-h Post = 1 hour postexercise, End-Ex = after exercise, Pre-Ex = before exercise, s-IgA = salivary immunoglobulin A.
Table 4.
Mean ± standard error of mean values of blood-related parameters in response to handcycling.
Parameter Pre-Ex End-Ex 1-h Post p-Value
Hemoglobin (g/L) 171 ± 7 164 ± 6 165 ± 6 >0.05
Hematocrit (%) 46.0 ± 1.1 47.1 ± 1.2 46.7 ± 1.1 >0.05
Leukocytes (× 109/L) 5.4 ± 0.6 9.3 ± 0.6* 11.9 ± 2.1* <0.05
Neutrophils (× 109/L) 3.5 ± 0.05 6.1 ± 0.4* 10.1 ± 2.1* <0.05
Lymphocytes (× 109/L) 1.5 ± 0.1 2.3 ± 0.3* 1.3 ± 0.1 <0.05
NK cells (× 109/L) 0.05 ± 0.01 0.11 ± 0.03* 0.03 ± 0.01 <0.05
*Significantly higher than Pre-Ex (p < 0.05).
1-h Post = 1 hour postexercise, End-Ex = after exercise, NK = natural killer, Pre-Ex = before exercise.
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no significant change (p > 0.05) in s-IgA levels was 
observed following the 1 h time trial in the current study. 
These findings are in contrast to a previous study [25], 
which reported a significant increase in s-IgA secretion rate 
following 60 min exercise in elite wheelchair athletes, with 
a greater response observed in those with tetraplegia. The 
differences in the s-IgA responses in tetraplegia were attrib-
uted to sympathetic reflex activity occurring during exer-
cise because of the lack of centrally mediated sympathetic 
control in these individuals. Saliva flow rate was also unaf-
fected during the time trial in the current study, and plasma 
volume remained the same despite an increase in osmolal-
ity, suggesting our participants remained well hydrated 
throughout [36]. All participants had sustained a traumatic 
SCI and could only engage the relatively small musculature 
of the upper body during handcycling. Even though they 
exercised at a heavy intensity, the volume of work or physi-
ological stress may not have been comparable to that expe-
rienced in other studies, which might account for the 
discrepancies observed. Additionally, owing to the prelimi-
nary nature of this study, we are unable to conclude whether 
it was the injury itself that affected the response and/or the 
unique mode of exercise. Nevertheless, because both s-IgA 
and saliva flow rate are important in mucosal defense, we 
can conclude that this aspect of immune status was unaf-
fected by handcycling in our group of athletes with SCI.
Despite no significant effect of handcycling on mucosal 
immunity, the time trial elicited significant increases in cir-
culating concentrations of leukocytes, neutrophils, lympho-
cytes, and NK cells, though considerable interindividual 
variations were observed. Levels of neutrophils remained 
elevated at 1-h Post, and have consistently been shown to 
remain elevated for between 2 to 24 h thereafter in nondis-
abled individuals [37], with the magnitude thought to be 
dependent on the exercise intensity and/or duration [38]. 
These effects are likely a result of demargination of cells 
adhered to the endothelial cells of the vasculature through 
the release of catecholamines or through a delayed release 
of neutrophils from the bone marrow associated with a rise 
in circulating cortisol [39]. However, some aspects of the 
neutrophils’ functional capacity may be compromised [3]. 
Lymphocytes and NK cells both increased at End-Ex but 
returned to baseline values at 1-h Post. A similar profile for 
NK cells was observed following 2 h of arm crank ergome-
try in individuals with SCI [20]. Lower resting levels of NK 
cells in SCI than in nondisabled individuals were also 
reported, which might be indicative of acquired immuno-
suppression. The functional capacity of the leukocytes was 
not examined in the present study, though the increase in 
leukocytes suggests the 1 h, self-paced time trial led to a 
transient enhancement of this aspect of immunity. Note 
the clinical significance of these findings is unknown, and 
future studies should address how the immune changes in 
response to handcycling exercise relate to subsequent 
rates of infection.
An interesting find in this investigation was the sig-
nificant positive correlations between resting levels of 
leukocytes and neutrophils and the distance completed 
during the time trial. Few data exist to support differ-
ences in resting immune function with training status 
[40]. Nieman et al. reported elevated NK cell activity in 
elite rowers compared with controls [41]. However, 
lower levels of neutrophil function have been reported in 
endurance-trained runners following 3 weeks of intensi-
fied training [42]. Our findings indicate that an enhanced 
aspect of basal immune function occurred with training 
status, which might confer some resistance to infection.
Changes in immune function observed during exercise 
have been attributed largely to alterations in stress hor-
mones, including the release of cortisol and catecholamines 
[3]. In the current study, -amylase activity was used as a 
surrogate marker of SNS activity. Levels of -amylase 
increased at End-Ex but returned to baseline at 1-h Post, 
suggesting that the metabolic demands of the handcycling 
time trial significantly increased SNS activity. In contrast, 
salivary cortisol levels remained unchanged. Typically, 
increases in cortisol are observed at exercise intensities 
above 65 percent maximal oxygen consumption (VO2max) 
and after a lag period of 45 min in nondisabled individuals 
[43]. This suggests that our participants might not have 
exercised at a sufficiently high intensity to evoke a cortisol 
response, though the applied setting of this study prevents 
us from confirming or refuting this speculation. Alterna-
tively, it might be the mode of exercise, (i.e., upper vs lower 
body) or possibly the SCIs themselves that prevented the 
typical changes that are observed. In addition, cortisol is 
known to exhibit a diurnal variation, which peaks 45 min 
after awakening and then decreases throughout the day 
[44]. Since the exercise in the present study commenced at 
11:00 a.m., an increase in cortisol may have been masked 
by this diurnal variation. Leicht et al. also reported 
a significant increase in -amylase activity following 
60 min of treadmill exercise in both SCI and non-SCI 
elite wheelchair athletes [25]; however, cortisol was not 
measured in this study, so a comparison cannot be made. 
Taken together, it seems plausible that the leukocytosis 
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observed was due to an increase in SNS activity rather than 
the stimulation of the hypothalamic-pituitary-adrenal axis, 
which agrees with previous findings [45]. It is also worth 
noting the -amylase has antimicrobial properties, suggest-
ing handcycling evoked a transient upregulation in this 
aspect of mucosal immune defense [46], though the clinical 
relevance of these changes remains unknown.
The novelty of these findings is that they represent an 
ecologically valid appraisal of immunoendocrine responses 
of SCI athletes to a real-life, field-based exercise challenge. 
While the duration of the time trial was standardized, the 
exercise intensity was self-determined and represents the 
typical effort an individual would experience during train-
ing and/or competition. However, a limitation of this
approach was that a standard relative exercise intensity was 
not employed. Furthermore, the participants represented a 
heterogeneous group; while some of the athletes were rela-
tively new to the sport, others were very experienced hand-
cyclists who frequently competed in both national and 
European races. This fact would most certainly influence 
both the absolute and relative exercise intensity adopted. 
Further, the fact that individuals achieved a very different 
time trial distance (range: 17.9–27.2 km) and associated 
volumes of work might, in part, help explain the wide vari-
ety of immunoendocrine responses observed at End-Ex. To 
our knowledge, there is presently no published literature 
examining the relationship between respiratory illness 
and immune function changes with exercise in athletes 
with SCI; however, given the present findings, this relation-
ship may be of interest.
CONCLUSIONS
In summary, a 1 h, self-paced handcycling time trial 
had a limited effect on mucosal immunity but elevated 
levels of circulating leukocytes. These changes appeared 
to be associated with an acute increase in SNS activity 
characterized by elevated -amylase activity. Collec-
tively, these results suggest that handcycling can tempo-
rarily enhance certain immune indices in individuals with 
SCI. Given the increased incidence of infections in the 
SCI population, future research should assess how regu-
lar physical activity, as well as the level and complete-
ness of the SCI, affect immunity and the incidence of 
infection. Such investigations could require athletes of a 
similar training status to exercise at a standard, relative 
exercise intensity in an attempt to elicit a more homoge-
neous response.
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